Background: The prognostic value of platelet distribution width (PDW) is different in various malignancies. The purpose of this study was to identify the relationship between preoperative PDW and survival in patients with non-small cell lung cancer (NSCLC). Methods: Optimal cutoff values of PDW were confirmed using a receiver operating characteristic (ROC) curve. The Kaplan-Meier method and log-rank test were used to estimate disease-free survival (DFS) and overall survival (OS). Univariate and multivariate Cox regression models were used for prognostic analysis. The likelihood ratio test (LRT) and Akaike information criterion (AIC) were used to compare two models of the TNM staging system and the PDW-TNM staging system (combination of PDW and the TNM staging system). Results: Survival analysis indicated that the disease-free survival (DFS) and overall survival (OS) of patients with PDW > 12.65 were both significantly longer than those of patients with PDW ≤ 12.65. Multivariate analysis showed that PDW was an independent prognostic factor for DFS and OS. After the two prediction models were established, further LRT analysis showed that the PDW-TNM model had a better ability to assess patient prognosis. Conclusions: PDW might act as an independent risk factor to predict progression and prognosis. Preoperative PDW combined with the TNM staging system showed a better ability to assess the prognosis of NSCLC patients.
Introduction
Lung cancer is one of the most common causes of cancerrelated death. The five-year relative survival rate of lung and bronchus cancer is approximately 20.6% in all races (17. 2% for males and 24.3% for females), as analyzed by the National Cancer Institute in America from 2009 to 2015. 1 In China, lung cancer is the leading cause of cancer death in men and women over 60 years old. It is the most commonly diagnosed cancer in men aged over 75 years and in women aged 60 years or older. 2 Although the treatment has greatly improved, the prognosis of lung cancer remains poor due to high rates of recurrence and tumor metastasis. Generally, many factors are used to predict the prognosis of lung cancer patients, including the TNM staging system, serum tumor markers, fibrinogen and so on. [3] [4] [5] [6] However, the best risk marker of lung cancer is still not clear. Thus, it is necessary to search for an appropriate and effective method to predict the prognosis of non-small cell lung cancer (NSCLC) patients.
Extensive scientific research has illustrated that there is a close relationship between blood coagulation and the malignant process of cancer. Francis and Amirkhosravi 7 suggested that tumor cells could activate blood coagulation when carrying procoagulants in the circulation. Platelets play an important role in the process of hemostasis and have an impact on cancer occurrence and metastasis. There is evidence which indicates that platelets facilitate tumorigenesis through the association between platelet activation and the development of chronic inflammation. 8 Clinical evidence has shown that thrombocytosis is associated with adverse prognosis in various types of cancer, including ovarian cancer, lung cancer, gastric cancer, inflammatory breast cancer and colorectal cancer. [9] [10] [11] [12] [13] Platelet distribution width (PDW), an index of platelet size heterogeneity-another platelet index distinguished from mean platelet volume (MPV)-indicates a difference in platelet size. 14 As a routine serological indicator, PDW has been considered by many studies as a potential marker to predict prognosis in various types of cancer, [15] [16] [17] [18] [19] [20] including NSCLC. 20 In early gastric cancer, Cheng et al. 15 indicated that low PDW was associated with a poorer DFS. However, Zhang et al. 17 and Huang et al. 16 reported the opposite results in laryngeal cancer and breast cancer: low PDW was associated with a better OS. Cui et al. revealed that NSCLC patients with elevated PDW had a better prognosis. 20 In this study, a large sample of 750 NSCLC patients who underwent complete surgery was analyzed. The purpose of this study was to evaluate the clinical significance of preoperative PDW in patients with NSCLC. Furthermore, we also evaluated the clinical utility of a novel prognostic system based on the combination of PDW and the TNM staging system (PDW-TNM staging system).
Methods Patients
A total of 803 NSCLC patients who underwent complete surgical resection at Tianjin Medical University Cancer Institute and Hospital were retrospectively analyzed between January 2008 and December 2014. Among the 803 patients, 53 patients were excluded from this study due to preoperative chemotherapy or radiotherapy (n = 10), previous history of other cancers (n = 13), and insufficient data (n = 27) without routine blood examination. All patients were staged according to the eighth edition of the TNM Classification for Lung Cancer. 3 Due to the retrospective nature of the study, the requirement for informed patient consent was waived.
Data collection
The basic information of the patients including age, sex and smoking status were collected before surgery. After surgery, we supplemented other information (resection type, histological subtype, tumor location and pathological TNM classification) related to tumor characteristics. Within two weeks before surgery, venous blood samples were collected in ethylenediaminetetraacetic acid (EDTA)-containing tubes. Platelet distribution width (PDW) is a measure of the volume of platelets and was measured by an automated hematological analyzer (Sysmex Xs-800i) in our hospital. Relevant laboratory characteristics were acquired by the medical laboratory in our hospital. The PDW-TNM staging system was defined as the combination of PDW and the TNM staging system.
Statistical analysis
The optimal cutoff value of PDW was confirmed on the basis of a receiver operating characteristic (ROC) curve. The areas under the curve (AUCs) of the ROC curves were calculated. The chi-squared test or Fisher's exact test was used to compare categorical clinical features. Continuous variables are shown as the means AE standard deviations. Differences between continuous variables were analyzed using the Mann-Whitney U test. Disease-free survival (DFS) was defined as the time from surgery to the first confirmation of the recurrence of disease or the last followup. Overall survival (OS) was defined as the time from surgery to death or the date the patient was last known to be alive. DFS and OS were compared between groups; they were assessed by Kaplan-Meier curves, and the log-rank test was used to calculate the differences between two groups. Relevant clinical variables associated with DFS and OS were examined using univariate and multivariate Cox regression models.
To compare the usefulness of the PDW-TNM and TNM staging systems in prognostic prediction, comparison of the two ROC curves was performed using the method suggested by DeLong et al. 21 In addition, LRT was used to calculate values of the goodness of fit between the different staging systems in predicting DFS and OS. 22 In the calculation of LRT, larger χ 2 values and smaller AIC values were deemed to illustrate a relatively better fitting model.
Statistical analyses were performed using Statistical Package for the Social Sciences software (SPSS) for Windows version 23.0 (SPSS, Inc., Chicago, IL) and MedCalc (version 15.8; MedCalc Software bvba, Acacialaan, Belgium). In all analyses, P-values (two-sided) < 0.05 were considered statistically significant.
Results

Identification of the optimal cutoff value of preoperative PDW
The clinicopathological characteristics of the NSCLC patients are summarized in Table 1 . In this study, we used ROC curve analysis to identify the optimal cutoff value of preoperative PDW in predicting the prognosis of NSCLC patients (Fig 1) . According to the cutoff value of 12.65, 270 patients (36.0%) had preoperative PDW > 12.65, and 480 patients (64.0%) had preoperative PDW ≤ 12.65. For NSCLC, the AUC of PDW was 0.617, and the 95% confidence interval (CI) was 0.576-0.658 (P < 0.001). Table 1 indicates the correlations between preoperative PDW and clinicopathological variables. Sex (P < 0.001), smoking status (P = 0.006), resection type (P = 0.016), histological subtype (P < 0.001), T stage (P < 0.001), N stage (P = 0.023) and TNM stage (P = 0.001) were found to have a significant correlation with PDW. Table 2 indicates the differences in clinical laboratory variables grouped by PDW in 750 NSCLC patients. PDW was correlated with maximum tumor diameter (P < 0.001), WBC count (P < 0.001), platelet count (P < 0.001), hemoglobin (P = 0.041), albumin (P < 0.001), globulin (P = 0.002), and fibrinogen (P < 0.001).
Relationship between preoperative PDW and clinicopathological features
Prognostic value of preoperative PDW
The results of the univariate analysis are shown in Table 3 . DFS and OS were found to be significantly correlated with PDW (P < 0.001 and P < 0.001, respectively), resection type (P < 0.001 and P < 0.001, respectively), TNM stage (P < 0.001 and P < 0.001, respectively), tumor size (P < 0.001 and P < 0.001, respectively), adjuvant chemotherapy (P < 0.001 and P < 0.001, respectively), WBC count (P = 0.003 and P = 0.003, respectively), platelet count (P < 0.001 and P < 0.001, respectively), hemoglobin (P = 0.043 and P = 0.036, respectively), LDH (P < 0.001 and P < 0.001, respectively), fibrinogen (P < 0.001 and P < 0.001, respectively), albumin (P = 0.044 and P = 0.022, respectively), and globulin (P < 0.001 and P < 0.001, respectively). We then included all the variables that were significant in the univariate analysis in the multivariate analysis (Table 4 ). In the multivariate analyses, we found that PDW was an independent prognostic factor for DFS (HR = 0.536, 95% CI: 0.403-0.711, P < 0.001) and OS (HR = 0.532, 95% CI: 0.401-0.707, P < 0.001) in patients with NSCLC. Patients with PDW > 12.65 had a significantly better five-year DFS rate than patients with PDW ≤ 12.65 (74.9% vs. 52.6%, P < 0.001, Fig 2a) . The five-year OS rate had the same trend: 77.0% for the PDW > 12.65 group and 55.6% for the PDW ≤ 12.65 group (P < 0.001, Fig 2b) .
Relationships between preoperative PDW and the TNM staging system as well as histological subtype Fig 3 according to TNM stage. The DFS and OS of the PDW > 12.65 group were better than those of the PDW ≤ 12.65 group in stage I (P < 0.001 for DFS, P < 0.001 for OS, Fig 3a,b) , stage II (P = 0.034 for DFS, P = 0.024 for OS, Fig 3c,d) , and stage III (P = 0.006 for DFS, P = 0.006 for OS, Fig 3e,f) patients.
Next, we performed statistical analyses for squamous cell carcinoma and adenocarcinoma, which account for the two main pathological types of NSCLC, in 750 patients (Fig 4) . The DFS and OS of the PDW > 12.65 group were better than those of the PDW ≤ 12.65 group in squamous cell carcinoma (P < 0.001 for DFS, P < 0.001 for OS, Fig 4a,b ) and adenocarcinoma (P = 0.001 for DFS, P = 0.001 for OS, Fig 4c,d) patients.
Combination of preoperative PDW with the TNM staging system to assess prognosis
Patients in the PDW > 12.65 group scored zero, and those in the PDW ≤ 12.65 group scored one. In addition, we scored NSCLC patients based on the TNM staging system. Patients in stage I scored one, stage II scored two and stage III scored three. The PDW and TNM scores for each patient were then summed. All 750 patients with NSCLC were divided into four groups, with scores from 1 to 4. Then, survival curves were reanalyzed and calculated on the basis of the PDW-TNM staging system ( Fig 5) . Compared with the TNM staging system, the Kaplan-Meier curves of the PDW-TNM staging system showed an obvious difference among patients in different groups (P < 0.001 for DFS, P < 0.001 for OS, Fig 5a,b) . In the PDW-TNM staging system, the five-year DFS rate was 88.0% for the scored 1 group, 69.1% for the scored 2 group, 53.1% for the scored 3 group and 34.4% for the scored 4 group. The five-year OS rate was 89.6% for the scored 1 group, 72.2% for the scored 2 group, 54.9% for the scored 3 group and 38.0% for the scored 4 group. 
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Comparison of the TNM and PDW-TNM staging systems in the value of prognosis prediction
In the present study, the values of the TNM and PDW-TNM staging systems were compared by analyzing their ROC curves (Fig 6) . The PDW-TNM staging system ROC curve was significantly different from the TNM staging system ROC curve (P < 0.001). The AUC of the TNM staging system was 0.682 (95% CI = 0.643-0.722, P < 0.001), and the AUC of the PDW-TNM staging system was 0.716 (95% CI = 0.679-0.753, P < 0.001). In terms of the results of the ROC curves, the AUC of the PDW-TNM staging system was larger than the AUCs of PDW and TNM (P < 0.001). To further measure the goodness of fit of the PDW-TNM staging system model that we established, the LRT was used. In Table 5 , the LRT showed that the χ 2 value of the PDW-TNM staging system was larger than that of the TNM staging system, and the opposite trend was observed in the AIC value (χ 2 = 423.991 and 275.034; AIC = 5052.476 and 5080.982 for the PDW-TNM and TNM staging systems, respectively). The Pvalues between these models were all significantly different (P < 0.001).
Discussion
In this study, we investigated the prognostic value of PDW in 750 patients with NSCLC. To the best of our knowledge, some researchers have analyzed the prognostic value of preoperative PDW in some solid tumors. [15] [16] [17] [18] [19] [20] However, the clinical significance of preoperative PDW in NSCLC patients is not yet clear. Thus, we reviewed the clinical information of 750 patients with NSCLC in our institute. In the entire retrospective cohort study, we systematically analyzed the relationship between preoperative PDW and the prognosis of NSCLC after surgery. Our study found that PDW might be a potential prognostic marker in NSCLC patients.
PDW as a predictive factor has been investigated in many cancers, [15] [16] [17] [18] [19] [20] including NSCLC. 20 To the best of our knowledge, only one study has reported the prognostic value of PDW in NSCLC. Cui et al. 20 investigated 270 clinical samples and revealed that patients with decreased PDW were associated with poor OS. The study of Cheng et al. 15 in early gastric cancer also indicated that decreased PDW was positively correlated with poorer DFS. However, the prognostic value of PDW in various malignancies was different. In laryngeal cancer and breast cancer, Zhang et al. 17 and Huang et al. 16 revealed that the OS of patients with increased PDW was markedly poorer than that of patients with decreased PDW. It seems that the role of PDW may be tissue dependent and related to cancerassociated inflammation. Therefore, further studies are needed to clarify the role of PDW in cancer.
We included a larger sample size to investigate the clinical significance of preoperative PDW in NSCLC patients who underwent surgery. In the multivariate analyses, we illustrated that PDW was an independent prognostic factor. The results of the survival analysis indicated that elevated PDW was associated with better DFS and OS in patients with NSCLC, which was consistent with our initial results. 20 Next, we performed subgroup analyses according to the different TNM stages and different histological subtypes. Subgroup analyses also showed similar results in that patients with high PDW had better DFS and OS. To further assess the value of PDW, the PDW-TNM staging system model was constructed in this study and had an AUC greater than the AUC of either TNM or PDW alone. Furthermore, survival analysis of the PDW-TNM staging system showed an obvious discrimination among the four regrouped kinds of patients. The results calculated by the LRT indicated that the PDW-TNM staging system was much better at predicting the prognosis of patients with NSCLC than PDW or the TNM staging system alone. Extensive studies have reported the role of platelets in the progression of cancer. According to a recent review by Gay et al. numerous studies showed that coagulation and hemostasis were the basic biological functions of platelets. 23 In the process of cohesion, coagulation and immune evasion, activated platelets, together with leukocytes, fibrinogen and a variety of cytokines, interact with tumor cells to promote invasion and metastasis while preventing death. 23 Moreover, growing tumors can also increase the production and activation of platelets by producing interleukin (IL)-6, forming a positive feedback loop to enhance tumor growth. 24 Platelets have the ability to interact with coagulation factors to protect tumor cells within the bloodstream. In addition, selectins on platelets can enhance metastasis through tumor cell binding to platelets. 23 Soluble Pselectin, CD40 ligand and β-TG levels were significantly higher in patients with cancer, indicating the occurrence of sustained platelet activation in these patients compared with the group of healthy people. 25 A study revealed that the TGFβ signaling pathway derived from platelets could enhance the metastasis of cancer, while the decreased expression of TGFβ1 in platelets inhibited tumor metastasis in vivo. 26 Numerous experimental studies of drugs that inhibit some components during platelet activation, such as inhibitors of adenosine diphosphate (ADP), have been confirmed to reduce tumor metastasis. 27, 28 Platelet-derived microvesicles were also indicated to promote cell proliferation by mitosis stimulation in lung cancer cell lines. 29 Overall, platelets play a crucial role in promoting tumor cell metastasis. Several limitations of the study are noteworthy. First, this was a single-center retrospective study, and the data source may reflect selection bias. Further multicenter prospective studies are warranted to verify our results. Moreover, only Chinese patients were included in the study sample. The conclusions need to be further confirmed in people of different races.
To summarize, PDW is easily available with a hematological test. Preoperative PDW might be a potential marker to predict the prognosis of NSCLC patients. Compared with the TNM staging system, the PDW-TNM staging system showed a better correlation with the outcome of NSCLC patients who underwent surgery. Further studies are warranted to clarify the mechanism of PDW involvement in NSCLC progression.
